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branch-width $\triangleright w$ tree-width $tw$
$\max\{bw, 2\}\leq tw+1\leq maxt_{z^{bw,2\}}}^{3}$
[7].
$hee$-decomposition
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. branch-





$\max_{u,v\in V_{X}}d_{G}(u,v)$ $diam_{G}(V_{X})$ .
1. [6] $G$ tfee-doeomposition
$\mathcal{T}=(T, \chi)$ , $T$ $V(G)$
, $T$
( bag t-node
) $\chi$ 2 .
1. $\bigcup_{X\in\chi}X=V(G)$ .
2. $G$ $\{u,v\}$ , $u$ $v$
t-node $X$ .
3. t-node $X,Y,$ $Z$ , $Y$ $T$




3 , ”G $v$
, $T$ $v$ t-node
” . ,
1 $G$ , 2 $G$
troe-deoomposition , $v\in V(G)$
t-node
.
$G$ tree-decomposition $\mathcal{T}=(T, \chi)$
, width $\max X_{*}\in\chi|X_{i}|-1$
width$(\mathcal{T})$ , $\mathcal{T}$ length $\max_{X:\in\chi}diam_{G}(X_{i})$
length $(\mathcal{T})$ . $G$ tree-





2. [7] $G$ branch-decomposition $\mathcal{B}=$








$edge\{X, Y\}$ , mid$(\{X, Y\})$ .
$T$ $b\cdot edge\{X, Y\}$
2 $T_{1},T_{2}$ . $T_{1}$
$\mu^{-1}$ $G$ $\ovalbox{\tt\small REJECT}$
.
$V_{2}$ . mid$(\{X, Y\})=$
$V_{1}$ $V_{2}$ . $B=(T,\mu)$ dth
$\max_{\{X,Y\}\in E(T)}|mid(\{X, Y\})|$ e! Lt, width $(\mathcal{B})$
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3: $G$ branch-decomposition 4: 3 $\tau_{\{x\}},$ $x\in V(G)$
. $G$ branch-uyidth , $G$
branch-decomposition $\mathcal{B}$
$\min\epsilon width(\mathcal{B})$ , $bw(G)$ .
3. $G$ branch-decomposition $(T,\mu)$
$x\in V(G)$ , $x$
$G$ {X, $y_{1}$ }, $\{x,y_{2}\},$ $\ldots,$ $\{x, y_{l}\}$
, b-node $\mu(\{x,y_{1}\}),\mu(\{x, y_{2}\}),$ $\ldots$ , $\mu(\{x, y_{l}\})$
$T$ $\tau_{\{x\}}$
. $T$ b-node $X$ , $X$
$\tau_{\{x_{1}\}},\tau_{\{x_{2}\}},$ $\ldots,\tau_{\{x_{n}\}}$ , b-
node $X$ $V_{[X]}$ $V_{[x]}$ $;=$
$\{x_{1}, x_{2}, \ldots, x_{m}\}$ .
3 branch-decomposition $\tau_{\{x\}}$ ,
$x\in V(G)$ 4 .
3 Branch-length
Branch-decomposition




$\mathcal{B}=(T,\mu)$ , $\mathcal{B}=(T,\mu)$ length
$\max_{\{X,Y\}\in E(T)}diamc(mid(\{X, Y\}))$
, length$(B)$ . $G$ bmnch-length
$bl(G)$ , $G$ bmnch-dewmposition $\mathcal{B}$
$\min e$ length $(\mathcal{B})$ .
Branch-width 1 , width $(\mathcal{B})=$
$1$ branch-decompo8ition $\mathcal{B}$
. $\mathcal{B}$ $kedge\{X, Y\}$
$|mid(\{X, Y\})|=1$ , $0$







1. $G$ branch-decomposition length
$G$ tree-decomposition
( 2),
2. $G$ tree-decomposition length
$G$ branch-decomposition
( 4).
1. $G$ branch-decomposition $(T,\mu)$
, $T$ b-edge {X, $Y$}
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mid$(\{X, Y\})$ $G$ $v$
, $v$ $V_{[X]}$ $V_{[Y]}$ .
$5:v\in mid(\{X,Y\})$




$L_{1}$ $=\mu^{-1}(\{u,v\})$ , $\{u, v\}$ $\in E(G)$
b-node $L_{1}$ , $T_{2}$ $L_{2}$ $=$
$\mu^{-1}(\{v,w\}),$ $\{v,w\}\in E(G)$ node
$L_{2}$ ( 5 ). $\tau_{\{v\}}$
, $\tau_{\{v\}}$ $X$ $Y$ . $v$
$V_{[X],\square }$
$V_{[Y]}$
2. $G$ , $bl(G)\leq k$
$tl(G)\leq k$ .
. $G$ branch-length $\delta$ , length
$\delta$ $G$ branch-decomposition
$(T_{b}, \mu)$ . $(T_{b}, \mu)$
$(T_{t}, \chi)$ , $G$ tree-decomposition
length $k$ .
$T_{t}:=T_{b}$ . $T_{t}=T_{b}$ $T_{t}$
t-node, t-edge . $T_{t}$
t-node $V(G)$
. $T_{t}$ $L$ ,
$G$
$T_{b}$ $L$ ,
$\mu^{-1}(L)=\{u, v\}$ $\{u, v\}\in E(G)$
, $L:=\{u,v\}$ . $T_{t}$ 3
t-node $X$ , $X$ t-edge
{X, $Y_{1}$ }, { $X$ , Y2}, {X, $Y_{3}$ } , 6
$X$ $:=$ ($mid(\{X,Y_{1}\})\cap mid(\{X$,Y2}))
pa 6: bnode $X$ $=$ (mid$(\{X,Y_{1}\})\cap$
$mid(\{X,Y_{2}\}))\cup(mid(\{X, Y_{2}\})\cap mid(\{X,Y_{l}\}))$
$\cup(mid(\{X, Y_{3}\})\cap mid(\{X,Y_{1}\}))$
(mid$(\{X,$ $Y_{2}\})\cap mid(\{X,Y_{3}\})$ ) $\cup(mid(\{X,Y_{3}\})$








t-node $L$ . $(T_{t}, \chi)$
$u$ $v$ $L$ . $G$
, $\chi$ ,
$G$ $\{u,v\}$ , $u$ $v$
t-node .
$G$ $x$ , $x$ node
. $(T_{b}, \mu)$ branch-decomposition
$T_{b\{x\}}$ . $x$ t-node
$T_{b\{x\}}$
.
$X$ $x$ t-node , $X$ $T_{b\langle x\}}$
. $X$ $X$
$x$ $G$
$T_{b\{x\}}$ $X$ . $X$ , $X$
3 {X, $Y_{1}$ }, { $X$,Y2}, {X, Y3} .
$x\in X$ , $x$
mid$(\{X, Y_{1}\})\cap mid$( $\{X$ , Y2})
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. $x\in mid(\{X, Y_{1}\})$
1 , $x$ $V_{[x]}$ . $X$
$T_{b\{x\}}$ .
mid$(\{X, Y_{2}\}))\cup$($mid(\{X,$ $Y_{2}\})\cap mid(\{X$ , Y3}))
$\cup(mid(\{X, Y_{3}\})\cap mid(\{X, Y_{1}\}))$ .
t-node $X$ 2
mid$(\{X,Y_{1}\}),$ $mid(\{X, Y_{2}\}),$ $mid(\{X, Y_{3}\})$
1 ( ) .
length$((T_{b},\mu))$ $k$





$X’$ , $T_{b\{x\}}$ t-node , $X’$
$x$ . $X’$
$X’$ $x$ . $X’$
, $X’$ 3 {X’, $Y_{1}$ }, {$X’$ , Y2},
{X’, $Y_{3}$ } , $X’$
3 {X’, $Y_{1}$ }
$T_{1}$ , {$X’$ , Y2}, {X’, $Y_{3}$ }
, $T_{3}$ . 7 $T_{b\{x\}}$
. $T_{b\{x\}}$ $x$ node
$\mu(\{x,y_{1}\}),\mu(\{x,y_{2}\}),$ $\ldots,\mu(\{x, y_{l}\})$ .
$X’\in V(T_{b\{x\}})$ $T_{1},T_{2},T_{3}$ 2
$x$ . $T_{1}$ $x$
, mid$(\{X, Y_{1}\})$ $x$





$(T_{t}, \chi)$ length$((T_{t}, \chi))\leq k$
. $T_{t}$ $L$ 2
$L$ length $diam_{G}(L)$
1 . $T_{t}$ t-node $X$
, $X=(mid$($\{X$ , Yl}) $\cap$
5. $G$ tree-decomposition $(T, \chi)$
, $G$ $\{u, v\}$ , $G$ $u$
$v$ t-node $X$ 1






6. $G$ tfee-decompolition $(T, \chi)$ , $G$
$\{u, v\}$ assi9nment t-node
. $t$ $ge\{X, Y\}$





. $mid’(\{X, Y\}):=V_{1}$ $V_{2}$ .
3. $G$ tree-decomposition $(T, \chi)$
, $G$ assignment t-node
. $T$ $t- edge\{X, Y\}\in$
$E(T)$ $mid’(\{X, Y\})$ $G$
$v$ , $v$ t-node $X$ t-node $Y$
.
. $T$ t-edge {X, $Y$}
2 , $X$
$T_{1},$ $Y$ T2 .
234
8: $T_{X},$ $X$ 2 assignment
$mid’(\{X, Y\})$ $v$ , $v$
$\tau_{\iota}$ t-node assignment
, $T_{2}$ t-node assignment
. $v$ as-
signment $T_{1}$ t-node $X’,$ $T_{2}$
t-no$de$ $Y’$ . 5 , $v$ $X’,Y’$
. , $X$ $Y$ $X^{l}$ $Y’$
. troe-decomposition
, t-node $X$ t-node $Y$ $v$ .
4. $G$ , $tl(G)\leq k$
$bl(G)\leq k$ .
. $\delta$ $G$ tree-length , length
$\delta$ $G$ tree-decomposition $(T_{t}, \chi)$
6. $(T_{t}, \chi)B^{a}\tilde{b}G$ branch-decomposition
$(T_{b},\mu)$ , $(T_{b}, \mu)$
length$((T_{b}, \mu))\leq k$ .
3 .
1. $G$ $\{u,v\}\in E(G)$ , $\chi$
$u$ $v$ t-node 1 assignment
.
2. $G$ assignment t-
node $T_{t}$ ,
$(T_{t}’, \chi’)$ .
3. $(T_{t}’, \chi’)$ t-node $X$
$(T_{b}, \mu)$ .
9: $X$ 4 assigment
, $X$ 3 assignment
$G$ $\{u, v\}$ $\mu(\{u, v\})$
. t-node $X$ assignment
$G$ $l(l\geq 2)$ ,
$e_{1},$ $e_{2},$ $\ldots,$




edge $\{X_{i}, \mu(e_{i})\},$ $1\leq i\leq l-1$ t-edge
$\{X_{l-1}, \mu(e_{l})\}$ $T_{X}$
( 8 ). $X_{1}$ . , $T_{X}$
. $l=1$ $X$ $T_{X}$ .
$X$ .
(a) $X$ 1
$(T_{t}’, \chi’)$ $X$ assignment




(b) $X$ 2 , $X$ assignment
$X$ .
, $X$ t-node $Y$




(c) $X$ 3 ,




$X$ assignment , $X$




. t-edge $\{X_{i}’, Y_{i}\},$ $1\leq i\leq m-1$
t-edge { $X_{1}’$ , Yo}, $\{X_{m-1}’, Y_{m}\}$
.
$X$ assignment $X$ ,
$X$ $X_{1}’,\ldots,X_{m}’$
, $t- edge\{X_{i}’,Y_{i}\}$ ) $1\leq i\leq m$
{ $X_{1}^{l}$ , Yb} . $T_{X}$
, $T_{X}$ $X_{m}’$ .
$(T_{b},\mu)$ branch-decomposition .




. $\mu(e_{i}),$ $\{X_{1}, X_{i}’\}$
, knode, bedge .
$(T_{t}, \chi)$ tree-lengh $k$ .
length$((T_{b},\mu))\leq k$ ,
edge {X, $Y$} $\in E(T_{b})$ mid$(\{X, Y\})$
tree-decomposition $(T_{t}, \chi)$ t-node
. $T_{t}’$ edge 3
&edge .
2 $(T_{t}’, \chi’)$ edge
{X, $Y$ } . $mid’(\{X, Y\})$ ,
brani-decomposition $(T_{b}, \mu)$ $mid(\{X, Y\})$
$mid’(\{X, Y\})$
. 2 , $mid’(\{X, Y\})$
$(T_{t}, \chi)$ t-node $X$ .
3 t-edge , $(T_{t}, \chi)$
t-node
. $(T_{b}, \mu)$ node $X$ $V_{1^{X]}}$
, $(T_{t}, \chi)$ t-node .
1 mid$(\{X, Y\})$ $V_{[X]}$
, mid$(\{X, Y\})$ $(T_{t}, \chi)$ t-node
.
, $bl(G)\leq k$ .
2, 4 ,
1. $bw(G)\geq 2$ $G$
, $tl(G)\leq k\Leftrightarrow bl(G)\leq k$ .
4



















[1] Hans L. Bodlaender. A tourist guide
through treewidth. Acta Cybemetica, 11:1-
21, 1993.
[2] R.Endre Ihrjan Donald Rose and George S.
Lueker. Algorithmic aspects of vertex elim-
ination on graphs. SIAM Joumal on Com-
puting, 5:266-283, 1976.
236
[3] Yon Dourisbourre and Cyril Gavoille. Tree-
Decompositio$ns$ with bags of small diame-
ter. Discrete Mathematics, 2005, To ap-
pear, extended abstract published in EU-
ROCOMB 03. Appears also as RR-1326-
01(2004).
[4] David Peleg and Jeffrey D. Ullman. An
optimal synchornizer for the hypercube.
SIAM Journa on Computin9, $18:74k747$,
1989.
[5] Neil Robertson and Paul D. Seymour.
Graph minors.I.Excluding a forest. $J$.
Comb. Theory, Series $B:35:39-61$ , 1983.
[6] Neil Robertson and Paul D. Seymour.
Graph minors. II. Algorithmic aspects of
tree-width. Joumal of Algonthms, 7:309-
322, 1986.
[7] Neil Robertson and Paul D. Seymour.
Graph minors. X. obstructions to tree-
decomposition. J. Combin. Theory Se$\dot{n}es.B$,
52:153-190, 1991.
[8] Jan Arne Rlle and Andrzej Proskurowski.
Algorithms for vertex partitioning prob-
lems on partial $k$ -trees. SIAM Joumal
on Discrete Mathematics, $10(4):529-550$,
1997.
[9] Cyril Gavoille Yon Dourisboure, Feodor
F. Dragon and Chenyu Yan. Im-
proved spanners for bounded tree-length.
SIROCCO’04, 2004.
237
